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Abstract 
A hydrogen gas sensor based on Pt/nanostructured ZnO Schottky diode has been developed. Our proposed theoretical model 
allows for the explanation of superior dynamic performance of the reverse biased diode when compared to the forward bias 
operation. The sensor was evaluated with low concentration H2 gas exposures over a temperature range of 280°C to 430°C. Upon 
exposure to H2 gas, the effective change in free carrier concentration at the Pt/structured ZnO interface is amplified by an 
enhancement factor, effectively lowering the reverse barrier, producing a large voltage shift. The lowering of the reverse barrier 
permits a faster response in reverse bias operation, than in forward bias operation. 
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1. Introduction 
Hydrogen (H2) gas is important contender as a clean, viable and renewable energy source. There is a need to 
sense H2 to safeguard against fuel leakage in spacecraft and portable fuel cells [1]. With H2 being utilized in the 
chemical and petrochemical refineries as feedstock, large quantities of H2 are dangerously explosive at 
concentrations as low as of 4% in air [2, 3]. 
 
Metal-oxide semiconductor sensors have shown remarkable potential for the sensing of H2 gas. In particular, 
Schottky diode based metal-oxide semiconductor sensors can exhibit a significant lateral voltage shift when exposed 
to hydrogen rich environments. By depositing a nanostructured gas sensitive layer, it is possible to enhance the 
surface area for H2 gas to adsorb at the surface, reducing response time. Many reports have focused to understand 
the operation of nanostructured Schottky devices in the forward bias condition, however only recently have there 
been studies to investigate these devices in the reverse bias [4]. Reported herein, is the fabrication of a 
Pt/nanostructured ZnO Schottky diode based sensor and its potential as a H2 gas sensor. In a constant current mode 
of operation, dynamic performance of the reverse bias diode is superior to that of the forward bias diode. 
 
* Corresponding author. Tel.: +61 3 9925 3690; fax: +61 3 9925 2007. 
 E-mail address: j.yu@student.rmit.edu.au 
1876-6196/09 © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.244
9 82
Open access under CC BY-NC-ND license.
 J. Yu et al. / Procedia Chemistry 1 (2009)  
Fabrication and characterization 
The 6H-SiC wafers were purchased with a thickness of approximately 250 µm and were diced into 3×3 mm2 
samples. The surface native oxide layer on 6H-SiC substrates was removed by etching in 10% HF for 15 s. A double 
metal layer of Pt:Ti (100:40 nm) was deposited on the backside of the substrates by electron beam evaporation. This 
ohmic contact was formed by annealing the samples at 500ºC for 30 min in Ar. 
 
A nanostructured ZnO thin film was deposited by RF sputtering a ZnO target (99.99% pure) in an atmosphere of 
40%O2-60%Ar for 15 mins at 100 W. Thereafter, the nanostructured films were subsequently annealed at 200°C for 
2 hrs in 10%O2-90%Ar. The ZnO film was then coated with 30 nm of Pt via DC sputtering forming a Schottky 
contact on the nanostructured surface of ZnO. The deposited Pt/ZnO/SiC Schottky diode based sensor is 
schematically represented in Fig. 1a.  
 
Current-voltage (I-V) characteristics were measured via a Keithley 2602 source meter connected to a probe at the 
Schottky contact. A multimeter (Agilent 34410A) was used to record the transient electrical response of the device. 
Gas sensitivity measurements of the sensors were performed in a test chamber made from Teflon, which was sealed 
with an O-ring and curved borosilicate glass lid. A gaseous mixture of analyte gas (H2) in a balance of synthetic air, 
and synthetic air (at approximately 4% humidity) were allowed to flow at 200 SCCM into the chamber by a 
programmable mass flow controller. 
 
The surface morphology of the ZnO nanostructured layer as seen in Fig. 1b was characterized using the FEI Nova 
NanoSEM (Scanning Electron Microscopy). It is reasonable to suggest that the larger crystallites are comprised of 
smaller coalesced island structures as can be seen in Fig. 1b. A cross-sectional SEM image is shown in Fig. 1b inset 
identifies the depth of the formed crystallites. On closer inspection, it can be seen that the cross sectional image that 
the ZnO grows into slender columnar structures with very little spacing between adjacent columns. The SEM 
images were digitally captured in to ImageJ software where statistical analysis revealed the density of the larger 
nanocrystallites to be approximately 70 crystallites per µm2.  
 
 
 
Fig. 1. (a) Schematic of the Pt/ZnO/SiC Schottky diode sensor; (b) SEM of nanostructured ZnO thin film (inset shows columnar cross-section of 
the sputtered ZnO film) 
 
2. Electrical and Gas Sensing Performance 
Using semiconductor theory, the Schottky J-V characteristics for the forward bias (1) and reverse bias (2) conditions 
can be given as [5]: 
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where, JF  and JR is the magnitude of the forward and reverse current densities, A** is the effective Richardson 
constant, T is the absolute temperature, q is the charge constant, φB0 is the barrier height, εs is the metal oxide 
electric permittivity, and k is Boltzmann’s constant.  
For nanostructured materials, the maximum localized electric field ξm is a function of VR by [4]: 
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where γa is the enhancement factor, ND is number of free charge carriers, VR is the reverse bias voltage and ψbi is the 
built in voltage. 
 
The I-V characteristics of the Pt/nanostructured ZnO sensor can be seen in Fig. 2. The sensor was exposed to 
synthetic air and 1% H2 at temperatures of 280°C to 430°C. As a reverse bias voltage is applied to the sensor, an 
ambient electric field exists through the nanostructured ZnO. The authors believe that a nanostructured surface 
adapts the existing field to produce enhanced localized electric fields at the apex of the structures. 
 
The exposure of H2 gas allows hydrogen to dissociate at catalytic Pt surface and H atoms diffuse through the thin 
Pt layer to accumulate and cause an effective dipolar charge at the Pt/ZnO interface. This dipolar charge effectively 
increases the magnitude of ND. The effect of the ND parameter increase is amplified by γa in equation (3) which 
effectively increases ξm in equation (2) which explains the lowering and narrowing of the reverse barrier height and 
makes it a strong function of VR. The lowering of the barrier allows charged carriers to tunnel through the reverse 
barrier with lower energies. These charged carriers result in stimulating the localized electric fields to produce a 
large voltage output allow faster response than the forward bias operation, as there is no electric field parameter in 
equation (1). The temperature parameter that appears in equation (2) and equation (3) plays a minor role to influence 
the electric field. However for the purposes of hydrogen sensing applications, it is reasonable to employ elevated 
temperatures for optimum operation. It is evident that as T increases, it decreases the quantity 
kT
q B0φ⋅  which 
essentially lowers the barrier allowing greater conduction. 
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
-100
-75
-50
-25
0
25
50
75
100
 Air
 1% H2
Cu
rr
en
t (
µA
)
Voltage (V)
380oC 430oC
330oC
280oC
25oC
 
Fig. 2. I-V characteristics of the Pt/nanostructured ZnO sensor at room temperature and elevated temperatures from 280°C to 430°C 
 
Using a constant current mode of operation at 100 µA, the dynamic response of the sensor towards different H2 
concentrations were plotted (Fig. 3) and the response times are summarised in Table 1. 
 
The sensors were exposed to concentrations of 0.06, 0.125, 0.25, 0.5 and 1% H2 gas in a balance of synthetic air. 
The response of sensors measured at 100µA in the forward and reverse condition exhibited were 12.99, 22.15, 
36.28, 72.84, 111.87 mV and 159.56, 225.83, 341.37, 463.55, 571.14 mV, respectively. As can be seen in Fig. 3b 
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 the voltage shift for reverse bias condition is much larger than the forward bias in Fig. 3a upon the exposure to H2 
gas at 330°C. Note that the noise in Fig. 3b reduced using a moving average filter. Table 1 shows the response and 
recovery for the forward and reverse biased sensor operating at 330°C. It can be seen that dynamic performance of 
the reverse biased operation is superior in comparison to the forward biased operation of the sensor. 
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Fig. 3. Dynamic response of sensor towards different H2 concentrations at 330°C using (a) +100 µA bias  (b)  −100 µA bias.   
Table 1. Response and recovery time for forward and reverse bias operation at 330°C. 
Forward bias Reverse bias H2 concentration 
Response time90% (s) Recovery time90% (s) Response time90% (s) Recovery time90% (s) 
0.06% 205 366 114 102 
0.125% 213 324 75 195 
0.25% 183 300 63 147 
0.5% 207 306 105 144 
1% 81 282 75 93 
3. Conclusion 
Gas sensing properties of a Pt/nanostructured ZnO Schottky diode hydrogen sensor has been investigated in this 
paper. Upon exposure to 1% H2 gas, the effective change in ND at the Pt/nanostructured ZnO interface is amplified 
by the enhancement factor therefore lowering the reverse barrier to produce the large voltage shift of 751.14mV. 
The lowering of the reverse barrier also allows faster response in reverse bias operation than in forward bias 
operation. The fabricated device demonstrates a simple, stable and sensitive gas sensor for H2 sensing applications. 
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